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The HAMP domain is present in a large number of transmembrane proteins in prokaryotes 
including histidine kinases, adenylyl cyclases, chemotaxis receptors, and phosphatases. 
In this issue of Cell, Hulko et al. (2006) report the NMR structure of a HAMP domain and 
present data suggesting that it transduces signals through a simple rotation of its four-helix 
parallel coiled coil.In bacteria, transmembrane recep-
tors, such as histidine kinases, play an 
important role in sensing external sig-
nals and initiating responses important 
for bacterial survival in ever-changing 
natural habitats. The interaction of the 
receptor domain of histidine kinases 
with external signals directly affects 
the phosphorylation state of the cyto-
plasmic kinase domain by stimulat-
ing its kinase or phosphatase activity. 
Understanding how external signals 
are transduced across the membrane 
has been a formidable challenge for 
molecular biologists.
Many transmembrane histidine 
kinases contain a domain consisting 
of approximately 50 residues located 
immediately after the transmembrane 
domain. This domain, called the 
HAMP domain, is so named because 
it is found in histidine kinases, adenylyl 
cyclases, methyl-accepting chemo-
taxis proteins, and phosphatases (Ara-
vind and Ponting, 1999) (Figure 1). The HAMP domain links the transmem-
brane domain to the histidine kinase 
domain and is thought to play a crucial 
role in signal transduction. So far, more 
than 4500 proteins are thought to have 
a HAMP domain. Hulko et al. (2006) 
now describe the NMR structure of the 
HAMP domain. Their study provides 
valuable insights into how the confor-
mational change caused by a signal 
interacting with the external receptor 
domain is transduced to modulate the 
enzymatic activity of the kinase.
In previous work, analysis of the 
secondary structure of the HAMP 
domain predicted that it consists of 
a helix-loop-helix structure in which 
a long loop connects two amphipa-
thic helices in parallel (Koretke et al., 
2003; Park and Inouye, 1997; Wil-
liams and Stewart, 1999). Koretke 
et al. proposed a three-dimensional 
model for the HAMP domain of a 
chemotaxis receptor consisting of a 
four-helical bundle. In the new work, Cell 126, SepHulko et al. analyzed the genome of 
Archaeoglobus fulgidus, a hyperther-
mophilic archaeon, and found a puta-
tive transmembrane receptor, Af1503, 
whose cytoplasmic domain contains 
only a HAMP domain. This 56 residue 
HAMP domain was soluble and well 
folded as a dimer when expressed in 
Escherichia coli. Subsequent analysis 
of its NMR structure revealed that this 
HAMP domain comprises a homodi-
meric, four-helical, parallel coiled-coil 
structure with unusual interhelical 
packing (Figure 1).
A 13 residue loop connects two 
helices (α1 and α2) of each monomer 
in a right-handed orientation. These 
two helices are of the same length 
and are offset by one helical turn. 
The structure of the connector shows 
several interesting features. It has 
a large extended confirmation that 
spans the 26 Å distance between the 
C-terminal and N-terminal ends of the 
α1 and α2 helices, respectively. The tember 8, 2006 ©2006 Elsevier Inc. 829
figure 1. structure of the HAMP Domain
(Left) A histidine kinase is depicted based upon the Taz1 chimeric protein (Utsumi et al., 
1989). The HAMP domain of the protein is illustrated as described in Hulko et al. (2006). 
The α2 helix of the HAMP domain is directly connected to the N-terminal helix of the EnvZ 
domain (DHp), forming a long single-helical rod (II*). According to the findings of Hulko et 
al. (2006), the rotation of the α2 helix would simultaneously rotate the II* helix, changing 
the relative configuration between the active-site histidine residue (H) and the ATP bind-
ing domain (CA). These relative positional changes may result in regulation of the histidine 
kinase activity. 
(Right) Side chains of residues involved in packing interactions within the core of the domain 
are shown in red (x-layer geometry, in which side chains point straight at the center) and blue 
(da-layer geometry, in which side chains point away from the center). A cogwheel diagram cor-
responding to the top view is shown in which two packing modes are interconvertible by rotating 
adjacent helices by 26° in opposite directions.connector is tightly packed into the 
groove between the two helices; this 
incidentally is a conserved feature of 
the HAMP domain. The connector 
also contains a highly conserved gly-
cine residue that is responsible for the 
sharp turn at the N-terminal end. The 
13 residue loop is connected to the 
most conserved region of the HAMP 
domain, a capping structure for the 
α2 helix made by a D-E-X-G motif that 
forms a ring of interacting residues.
Although the helices of the HAMP 
domain are arranged as four-heli-
cal coiled coils, the core residues 
are packed in an unusual geometry; 
symmetry-related hydrophobic resi-
dues are not arranged side by side 830 Cell 126, September 8, 2006 ©2006throughout the core of the four-helical 
bundle. One would expect a typical 
knobs-into-holes packing mode by 
virtue of the strong heptad periodicity 
of the hydrophobic amino acids. How-
ever, the HAMP domain is arranged 
in a knobs-to-knobs packing mode 
(described as “complementary x-da 
packing”) (Figure 1). The difference 
between the two packing modes is 
the number of residues necessary 
to form the hydrophobic core. Oth-
erwise, the two packing geometries 
are nearly isoenergetic. The authors 
propose that the transition of the 
observed knobs-to-knobs packing 
of the HAMP domain to canonical 
packing can be readily achieved by  Elsevier Inc.a concerted rotation of 26° in all four 
helices (Figure 1). Furthermore, they 
propose that the rotation of the HAMP 
domain would also move downstream 
elements by 26° to transduce the sig-
nal and affect enzymatic activity.
The authors sought to uncover what 
structural features regulate the inter-
conversion between the two types of 
helical packing. They noticed that a 
highly conserved residue in the HAMP 
domain structure is alanine 291, which 
is much smaller than all of the other 
core hydrophobic residues and thus 
favors knobs-to-knobs packing. They 
further noted that mutations at this ala-
nine residue that increase the size of 
the side chain have been shown to dis-
rupt regulation of the histidine kinase 
activity. NMR analysis of a protein with 
alanine 291 changed to valine (A291V) 
revealed that, although the basic struc-
ture was preserved, the inter- and intra-
molecular helical contacts could not be 
resolved to a single structure because 
of considerable internal motions. This 
indicates that the mutant protein with 
an alanine-to-valine substitution oscil-
lates between two states, whereas the 
wild-type protein primarily possesses 
one state. The proposed alteration in 
conformation was further tested by 
fusing the wild-type and mutant HAMP 
domains to the catalytic domain of 
mycobacterial adenylyl cyclase. The 
authors found that the A291V mutant 
chimeric protein was 62% less active 
than the wild-type chimeric protein. 
Next, the HAMP domain of E. coli 
Tar, an aspartate-sensing chemotaxis 
receptor, was replaced with the wild-
type or A291V mutant HAMP domain 
of Af1503. The frequency of cellular 
tumbling was suppressed in bacteria 
expressing the Tar protein containing 
the mutant HAMP domain, although 
cells harboring both chimeric proteins 
lost their ability to swarm. Moreover, 
in a chimeric protein with the HAMP 
domain fused to a mycobacterial ade-
nylyl cyclase, the cyclase activity pro-
gressively decreased with increasing 
side-chain length as expected (except 
for the alanine-to-cysteine mutation). 
These results all provide support for 
the model that the authors propose.
This model has significant applica-
tions for the study of signal transduc-
tion by histidine kinases and other 
transmembrane receptors. Previously, 
we created a chimeric protein called 
Taz1 (Figure 1). Taz1 has the exter-
nal receptor domain, the transmem-
brane domain, and the HAMP domain 
from Tar, a protein that is activated by 
aspartate, and the cytoplasmic histi-
dine kinase domain of EnvZ, a protein 
that is activated by high osmolarity. As 
a consequence, adding aspartate to 
the medium of bacterial cells express-
ing Taz1 leads to activation of the chi-
meric protein and induces the expres-
sion of the ompC gene, a downstream 
target of EnvZ (Figure 1). Later, our 
group found that the HAMP domains 
are interchangeable between signal 
transducers (Zhu and Inouye, 2003). 
In Taz1, the α2 helix of the Tar HAMP 
domain is directly connected to the 
long N-terminal helix of an EnvZ helical 
hairpin, which forms a dimer (Figure 1; 
Tomomori et al., 1999). This structure 
is likely to act as a single helix (II*). On 
this helix, there is the active-site his-
tidine residue, which is the autophos-
phorylation site that plays an important 
role in phosphorylation and dephos-
phorylation of OmpR, the substrate of 
the EnvZ kinase. These two opposing All microbial pathogens must access 
host nutrients for their own repro-
duction and thus frequently colonize 
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The stomata of plants regula
changing environmental condit
role in host defense. In this issu
detection of potential microbia
over, pathogenic bacteria haveenzymatic activities must be regu-
lated by the signal passing through 
the HAMP domain. Therefore, on the 
basis of the model proposed by Hulko 
et al. (2006), the relative configuration 
between the helix with the active-site 
histidine and the ATP binding domain 
(Tanaka et al., 1998) may be altered by 
rotating helix II* by 26°. It is certainly 
feasible to test this experimentally. It 
may also be important to note that the 
HAMP domain in the Tar-EnvZ chime-
ric dimer can be heterologous (with 
one HAMP subunit from Tar and the 
other from EnvZ) and that this heterol-
ogous HAMP domain retains the abil-
ity to transduce the signal to regulate 
the histidine kinase domain (Zhu and 
Inouye, 2004). This suggests that the 
formation of the stable HAMP dimer 
may not be essential for signal trans-
duction. In any case, the work by Hulko 
et al. (2006) is a major breakthrough 
for our understanding of the molecular 
mechanism of transmembrane recep-
tor-mediated signal transduction.
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